Background: Indigenous Australians have lower overall cancer survival which has not yet been fully explained. To address this knowledge deficit, we investigated the associations between comorbidities, cancer treatment and survival in Indigenous and non-Indigenous people in Queensland, Australia. Methods: A cohort study of 956 Indigenous and 869 non-Indigenous patients diagnosed with cancer during 1998-2004, frequency-matched on age, sex, remoteness of residence and cancer type, and treated in Queensland public hospitals. Survival after cancer diagnosis, and effect of stage, treatment, and comorbidities on survival were examined using Cox proportional hazard models.
Background
In Australia, cancer is the second leading cause of death among Indigenous people, who continue to experience a significantly lower life-expectancy than the population as a whole. The observation of lower cancer survival among Indigenous compared to non-Indigenous Australians is well established [1] [2] [3] but not as yet fully explained. Factors contributing to this survival disparity include later stage of cancer at diagnosis, reduced uptake of or access to treatment, high rates of case-fatal cancers and comorbidities, and language barriers [1, 4, 5] . A previous study in the state of Queensland found that Indigenous people with cancer were more likely to have comorbidities, to receive less treatment, and to experience worse survival than non-Indigenous counterparts [6] .
We replicated this earlier matched-cohort study design where we compared Indigenous and non-Indigenous people with cancer, this time including a larger cohort, collecting more comprehensive and detailed information on cancer treatment (e.g. timing to, type and amount of treatment) and comorbidities. Here we examine the associations between comorbidities, cancer treatment and survival among Indigenous and non-Indigenous cancer patients in Queensland, the state with the second-largest Indigenous population in Australia.
Methods
Methods for this comparative study of Indigenous and non-Indigenous cancer patients are similar to those described previously [6, 7] . Briefly, all Indigenous adults residing in the state of Queensland and diagnosed with cancer during 1998-2004, identified through the population-based Queensland Cancer Registry (QCR), were eligible for inclusion. An equal number of non-Indigenous cases were randomly identified from the Registry (frequency-matched for age, sex, remoteness and cancer type). All Australian residents have access to free publichealth care, including cancer treatment, and those with private insurance, or the means to pay, can also access treatment in the private sector [6] . We restricted our cohort to those who received the majority of treatment in a Queensland public hospital, as about 98% of Indigenous patients receive care in the public sector [8] . Patients primarily treated elsewhere, those with missing health records, or those treated in a hospital where regulatory approval was not forthcoming, were excluded.
Clinical data (diagnostic details, cancer treatment, cancer stage, and presence of comorbidities), were abstracted from medical records, as this information was not available from the QCR. Where records were insufficiently detailed, further data were extracted from secondary public hospitals' records, to ensure that cancer treatment and other clinical data were as complete as possible. In general, details of surgery, chemotherapy or radiotherapy treatment that occurred outside the public hospital system were documented in the public health records, through treating clinician's letters. Details on all comorbidities recorded in the patients' medical records were extracted; comorbidities that fitted with the Charlson Comorbidity Index Score (CCI) were included in the analysis. A modified CCI score (referred to here as 'comorbidity score') was assigned based on severity and number of comorbid conditions [9] and were grouped as: 0 (No known comorbidity), 1, 2+. Modification of the original CCI was necessary where data on the severity of renal or liver disease were not collected; these were classified as 2. Remoteness (rurality of residence) was determined using the Accessibility/Remoteness Index of Australia [10] with groups ranging from 1 'highly accessible' and 5 'very remote'. For multivariate analysis, the categories were aggregated to three groups; 1 (highly accessible and accessible), 2 (moderately accessible) and 3 (remote and very remote). The Socio-Economic Index For Areas (SEIFA) was used to classify place of residence into quintiles ranging from 1 'most disadvantaged' to 5 'most advantaged' [11] .
Cancer stage scores such as Tumour Nodes Metastasis (TNM), Dukes and American Joint Committee on Cancer (AJCC) [12] staging were converted to localised/regional/ distant spread. Treatment type (surgery, radiotherapy and chemotherapy), intention (any intent, curative intent or intention unknown), start date, duration, and quantity (e.g. number of Gray (Gy), number of chemotherapy cycles) were recorded. Date and cause of death were obtained from the Australian National Death Index. All cases were followed-up with respect to their vital status until Dec 31, 2006. Ethical approval was obtained from the Queensland Health Department, health districts where data collection took place, and the Queensland Institute of Medical Research.
Statistical methods
Pearson's Chi-squared analysis or Fisher's Exact test were used for categorical data (proportions), t-test for normally-distributed data (means), and non-parametric tests (Kruskal-Wallis Test) for non-normally-distributed data (medians). We estimated the relative risk of no treatment associated with comorbidity by calculating the odds ratios (OR) and 95% confidence interval (CI) using multivariate logistic regression analysis. Time to death was assessed using Kaplan-Meier survival curves. The curves were compared with the log-rank test statistic. Cox proportional hazard modelling was used to calculate hazard ratios (HRs) with associated 95% CI to assess the differences between Indigenous and non-Indigenous cases with respect to cancer survival (all-cause, cancer-specific and non-cancer), after adjustment for cancer stage, comorbidities, socioeconomic status and treatment [13] . All cases were followed-up from diagnosis until death or Dec 31, 2006 , whichever came sooner; cases who were still alive at December 31, 2006 were censored at that date.
Results
The study included 956 Indigenous and 869 nonIndigenous patients (368 cases were excluded). Clinical data were abstracted from records at 44 hospitals. Matching resulted in similar distribution of age, sex and site of cancer diagnosis between the two groups. However, perfect matching for remoteness was not possible as fewer non-Indigenous people with cancer lived in the most remote locations at the time of diagnosis (Table 1) . Indigenous people were more likely to be socially disadvantaged than their non-Indigenous counterparts (p < 0.001) ( Table 1) .
Median time from presentation to diagnosis was 17 days for both groups. Cancer stage was not recorded in the clinical notes in approximately 10% of patients in both groups; a further 3% of cases in each group were diagnosed with cancers for which a stage was not routinely recorded (e.g. leukaemias, lymphomas). With these cases excluded from analysis, fewer Indigenous people were diagnosed with local disease compared to non-Indigenous people (38% vs. 45%, p = 0.03). There was no difference in cancer stage among men (p = 0.65) but fewer Indigenous women had localised cancer (41% vs. 51%), and 59% had regional spread or distant metastasis compared to 48% for non-Indigenous women (p = 0.007). Analysis, stratified by remoteness, showed no difference in stage between Indigenous and non-Indigenous people from the same regions (data not shown).
Indigenous patients were more likely to have comorbidities than their counterparts. They were significantly less likely to have a zero comorbidity score and more likely to have a score of 2 or greater (p < 0.001) ( Table 1) . HbA1c, a measure of diabetes control [14] , was included if tested in the year prior to diagnosis or within 3 months of diagnosis. Measurements were available for 40% of Indigenous and 21% of non-Indigenous patients with diabetes, with no difference in the proportion of cases with HbA1c over 6.5%. Median measurements were 7.3% and 6.9% respectively, and were similar regardless of sex or remoteness.
Indigenous cancer patients received less of any treatment (75% vs. 86%, p < 0.001) and for those with nonmetastatic disease, received less treatment with curative intent (Table 1) . Irrespective of sex, stage, remoteness, or socioeconomic status, Indigenous people received less treatment (data not shown). Since matching was imperfect for place of residence (remoteness), in a sub-group analysis we excluded people from the most remote regions: Indigenous people from rural areas (77% vs. 89%, p < 0.001) and those from more urban areas (83% vs. 90%, p = 0.01) received less treatment (any, surgery, chemotherapy or radiotherapy). Among patients who received treatment, modes of curative cancer treatment were similar ( Figure 1 ). Indigenous people (n = 44) who concurrently lived in cities, had no known comorbidity and no metastatic cancer, and were not socially disadvantaged, took up or received less treatment than non-Indigenous counterparts (n = 73) (82% vs. 95%, p = 0.05) (Figure 2 ). Patients with diabetes and HbA1c measurements greater than 6.5% received similar rates of treatment (n = 62 (81%) vs. n = 9 (82%); p = 0.93) as those without diabetes.
Being Indigenous increased the odds of not receiving any cancer treatment and curative chemotherapy ( Table 1) . Stratified analyses showed that among cases who had no comorbidities recorded in the medical chart, being Indigenous increased the likelihood of not taking up or receiving any cancer treatment and curative surgery; that was also true among cases who had a comorbidity score of one.
The median time from date of diagnosis to the first cancer treatment was 14 days for Indigenous (n = 698) and 12 days for non-Indigenous people (n = 734; p = 0.20). There was no significant difference in the median number of days to first surgical treatment, chemotherapy or radiotherapy between the two groups. For cases without metastatic disease, there was no difference between Indigenous and non-Indigenous people in the duration or quantity of radiotherapy (52.5 Gy respectively) or number of cycles of chemotherapy administered (p = 0.93). Also, there was no difference in the proportion of people with non-metastatic cancer who completed chemotherapy (76% of Indigenous patients and 80% of non-Indigenous patients completed chemotherapy regimen; p = 0.53) ( Table 2) .
Compared to non-Indigenous patients, the unadjusted difference in overall survival was 37% worse for Indigenous patients over the study period (Figure 3 ). Cancer-specific survival and non-cancer survival were also significantly lower ( Table 3 ). The differential cancer-specific survival did not remain significant after adjusting for demographic and clinical factors, but persisted for non-cancer survival. Overall survival was 60% lower for Indigenous people in the first year after diagnosis, but not significantly different in subsequent years. The survival differential persisted after adjustment for demographic factors, stage, comorbidities, and treatment reduced the hazard ratio for the first year (aHR = 1.33 95% CI 1.12-1.83), but not for subsequent years. Overall, survival for Indigenous people who received treatment was lower than for non-indigenous counterparts (aHR = 1.26 95% CI 1.07-1.5), whereas survival was similar for those who did not receive treatment ( Figure 3 ).
Discussion
Compared with non-Indigenous patients resident in Queensland, Australia, Indigenous people were diagnosed with more advanced cancer, had greater comorbidity, received less cancer treatment and were 30% more likely to die of their cancer; findings similar to those reported previously [5, 6, 15] . Concomitant disease is reported to influence cancer treatment choices (dose, duration, modality), cause complications, and impede survival [9, [16] [17] [18] . Excess comorbidities have been shown to contribute to lower curative treatment rates and poorer cancer survival for New Zealand Māori [18, 19] , and contributed to the survival disparity among Indigenous people with lung cancer in Queensland [20] . Indigenous people with lung cancer and diabetes had reportedly 40% worse survival than Indigenous people without diabetes, whereas the presence of diabetes was unrelated to survival in nonIndigenous people [21] . In this study, stratified analysis showed that among cases without comorbidity, being Indigenous was associated with not receiving any cancer treatment, including curative surgery. This suggests that factors other than or in conjunction with comorbidity status may play a role. Of particular concern are the reasons why Indigenous people without comorbidities, who lived in an urban setting where cancer services are easily accessible, were not socially disadvantaged, and had localised cancer at diagnosis, did not have treatment. Better identification of reasons for treatment disparities in this group may enable cancer care providers to increase treatment uptake and in turn improve overall survival. Despite thorough review, we found that reasons for not receiving treatment were not routinely documented in the medical charts. We thus recommend that the views of patients and health services personnel are sought and documented to elicit and analyse barriers to treatment for Indigenous people. Our study was unable to capture sufficient information regarding comorbidities not included in the Charslon Renal tract (C64-C67)
40 (4) 46 (5) Corpus uteri (C54) 38 (4) 36 (4) Oesophagus (C15) 31 (3) 21 (2) Other cancers 47 (5) 35 (4) Ovary (C56) 29 (3) 29 (3) Unknown primary (C80) 29 (3) 17 (2) Stomach (16) 27 (3) 23 (3) Prostate (C61) 25 (3) 17 (2) Pancreas (C25) 22 (2) 25 (3) Thyroid (C73) 21 (2) 14 (2) Central Nervous System (C71) 13 (1) 12 (1) Melanoma (C44 or M12)) 7 (1) 10 (1) Cancer stage at diagnosis* Comorbidity Index (e.g. mental illness, alcoholism), factors which might preclude cancer treatment. Our findings regarding treatment parallel reports from a number of international [22] [23] [24] and local [6, [25] [26] [27] studies. We found that irrespective of remoteness or socioeconomic advantage, Indigenous people received less treatment than non-Indigenous counterparts (including Indigenous people who were most advantaged). Factors such as miscommunication and social and cultural differences between patients and health care providers [28, 29] , poor understanding of medical advice [30] , inherent racism in the health system [31] , lack of transport [32], geographic isolation [33] , and lack of Indigenous support persons [34] , have been cited as some of the reasons for treatment disparity. We found no delay for patients receiving treatment in public hospitals, in contrast to earlier studies which reported a significant difference in time to surgery [6] and delays in treatment [18, 35] . We also report that the presence of diabetes or elevated HbA1C did not influence treatment uptake and that chemotherapy completion rates for those receiving treatment for non-metastatic cancer, were similar for both groups.
A greater proportion of Indigenous people in our cohort had died before the end of the follow-up period, and they were twice as likely to have died from a noncancer death. These results are consistent with the poor cancer survival and higher mortality that have been reported for Indigenous people with cancer elsewhere [36] [37] [38] [39] . Unadjusted analysis indicated a lower survival observed among Indigenous compared to non-Indigenous people (all causes, non-cancer and cancer deaths) and the survival differential for cancer death remained apparent when adjusted for confounding factors (age, sex, remoteness, stage, socioeconomic status and comorbidities). When further adjusted for diabetes and/or treatment, the differential reduced to borderline significance, suggesting these factors may be associated with lower survival. Despite this, we found that overall Indigenous people who had treatment fared worse than non-indigenous people who had treatment, suggesting either the type or quality of treatment, or other non-treatment factors at play in overall treatment outcomes.
Survival was worse for Indigenous people in the first year after diagnosis. After adjustment for stage and comorbidities, the survival differential persisted in the first year but, when adjusted for treatment alone, this difference was no longer apparent. Treatment differences and, to a lesser extent, stage and comorbidities, may be important contributing factors for the poorer outcomes immediately after cancer diagnosis among Indigenous people. Our findings are similar to a recent Queensland report which included patients treated at public and private hospitals [2] ; Indigenous people were 1.5 times more likely to die in the first year of diagnosis than nonIndigenous people, but with excess mortality limited to the first two years of follow-up after diagnosis. Although that study was much larger than the present one, it was limited by a lack of information on cancer stage, comorbidities and cancer treatment. Our results, adjusted for treatment, stage and comorbidities, suggest that differences in treatment between the two groups are mainly responsible for the survival differential in the first year after a cancer diagnosis. Misidentification of Indigenous status in Queensland public hospitals is known to be around 12% [40] . As Indigenous status was checked in the medical record review and discrepancies investigated where possible, we are confident that misclassification in the study sample is minimal. Matching resulted in little differences in the distribution of age, sex or cancer type between the two groups, however, as perfect matching was not possible, it resulted in the inclusion of a higher proportion of Indigenous people who lived very remotely and were severely disadvantaged. Of note, 27% of Indigenous people in this study were from the more remote regions, whereas 22% of the Indigenous population resident in Queensland live in these regions [41] . This minimizes the concern that Indigenous people from remote regions, who potentially have inadequate access to the health care system, might have been underrepresented in this study. The chief strength in utilizing data from the National Death Index (NDI) for vital status is the virtually complete population coverage. Standardized and consistent data collection by the NDI ensures that the death data are of high quality (93.7% sensitivity and 100% specificity for the identification of deaths) [42] . Nevertheless, if a few cases were missed due to reporting delays to the NDI, they are not likely to be differentially biased by Indigenous status.
Conclusions
This comprehensive investigation of the patterns of care of Indigenous people with cancer, confirmed that Indigenous people had more advanced stage at diagnosis, more comorbidities, received less treatment, and had poorer survival than their non-Indigenous counterparts. In addition, we found that survival disparity in the first year after diagnosis was likely to be related to lack of cancer treatment. However, Indigenous people receiving cancer treatment had poorer outcomes overall, despite comparable time to commencement, duration, and amount of treatment received. We also identified a subset of untreated patients who might reasonably be considered candidates for cancer treatment. A greater understanding of the interplay between overall health, demographic features and cancer, as well as Indigenous people's awareness of cancer and cancer treatment, is therefore required. Indigenous cancer patients have particular needs that should be considered when planning cancer care, particularly during the first year after diagnosis.
